primary follicles were usually seen until 35 days. In most follicles, the oocyte was lost. The hyperplastic proliferation of follicle epithelial cells, forming large round or oval cell clusters, occurred in 60-day-old mice. In 7-month-old animals, the ovaries were mostly occupied with invasive peritoneal epithelial tubules and masses of epitheloid cells which are apparently derived from the follicle epithelial cells.
Although the ultrastructure of the oocyte and the follicle epithelial cell of the primary follicle is not different from that of +/+ control animals, the lack of gap junctions between the oocytes and the surrounding follicle epithelial cells may cause these abnormalities. The epitheloid cells that appeared in the 60-day-old animals are suggested to produce some steroid hormones, since they have cell organelles characteristic for steroid biosynthesis, such as well-developed smooth endoplasmic reticulum, oval mitochondria with tubulovesicular cristae, and numerous lipid droplets.
It has been known that female WBB6FI-Sl/Slt mice are sterile, due to abnormalities in their ovaries. Light microscopic observations have revealed the depletion of oocytes and the occurrence of tubular adenomas in the ovary of the WBB6FI-Sl/Slt mouse (TERADA et al., 1984 (TERADA et al., , 1985 .
Besides WBB6FI-Sl/Slt mice, WV /WE) and Wx/WV mutant mice are also known to show the developmental deficiency of ovarian follicles and the spontaneous development of tubular adenomas.
As only light microscopic observations on the ovaries of these mutant sterile mice have been available, more detailed studies employing the electron microscope are necessary.
The present paper deals with the structural features of the ovary of the WBB6FI-Sl/Slt mouse investigated mainly by electron microscopy.
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MATERIALS AND METHODS
WBB6F1 mice [WB x C57BL/6F,-(Sl/Sl', +/+) mice resulting from crossing WBSl/+ females and C57BL/6-Slt/+ males] were raised in our laboratory. Since the WBB6Fi Sl/Slr mice (hereafter called S1/S11 mice) have white coats and black eyes, they are easily distinguished from their black-coated +/+ littermates (RUSSELL, 1979; SILVERS, 1979; KOHROGI et al., 1983) . Female Sl/Sl' mice aged 10, 25, 35 and 60 days, and 7 months were perfused via left heart ventricle with 2.5°o glutaraldehyde buffered at pH 7.4 with 0.2 M Millonig's phosphate.
The ovaries removed were immediately cut into small pieces, and immersed in the same fixative solution for 2 hrs at 4' C. After postfixation in 1°o Os04 buffered at pH 7.4 with 0.2 M Millonig's phosphate for 1 hr at 4C, the tissue blocks were dehydrated in graded concentrations of ethanol and embedded in Epon epoxy resin. Ultrathin sections were stained with uranyl acetate and lead citrate, and examined in a Hitachi H-500 electron microscope.
For light microscopy, toluidine-blue-stained thick sections of Epon-embedded tissues or hematoxylin-eosin-stained plastic sections (JB-4, Polysciences) were used. . Two primary follicles seen in the ovary of a 35-day-old Sl/Sl' mouse. In these follicles, the oocyte (0) is peripherally localized, and the surrounding follicle epithelial cells are partly single layered and partly two cell-layered. x 1.600 RESULTS 10-35 day-old S1/S1' mice
The ovaries of Sl/Sl' mice 10-35 day-old are smaller in size than those of the control + / + mice. Many primary follicles are distributed in the ovary (Fig. 1 ), but typical secondary or Graafian follicles, which are abundantly present in this organ of +/+ mice, are not recognized. Most primary follicles do not differ in structure from their counterparts in +/+ animals.
Some follicles, however, show peculiar features. In these follicles, the oocytes are surrounded by follicle epithelial cells which are partly single layered and partly stratified, making two to three cell-layers (Fig. 2 ). Due to this uneven proliferation of the follicle epithelial cells, the oocyte is localized in the periphery of the follicle. The follicle epithelial cells in the stratified epithelial part have elongated mitochondria with lamellar cristae, free ribosomes, rough endoplasmic reticulum, and so on (Fig. 3 ). In addition, follicles lacking oocytes in the plane of the section are rarely seen (Fig. 4) . In such cases, the follicle epithelial cells cuboidal or columnar in shape are often arranged in a tubular gland-like fashion, having a lumen-like space in the center of the follicle. Most of the follicle epithelial cells have abundant lipid droplets and project microvilli-like processes into the space.
Intercellular junctions such as zonula adherens and gap junctions are seen between the follicle epithelial cells near the lumen-like space, but no zonula occludens are recognized. There are no oocytes with zona pellucida around them. No gap junctions can be detected between the oocyte and the follicle epithelial cell, while they are usually observed in the control animals. Some interstitial cells located among the follicles are mostly fibroblast-like in shape and ultrastructure, and surround the follicle.
60 day-old S1/S1' mice
In 60 day-old animals, typical secondary or Graafian follicles are entirely absent. Typical primary follicles are also only seldom found. Instead of these follicles, many large cell clusters round or oval in shape are seen (Fig. 5) . It is apparent that these cell clusters are derived from the follicle, because they sometimes have oocytes at their periphery (Fig. 5, 6 ) and most cells in the cluster show ultrastructural characteristics common to those of the follicle epithelial cells (Fig. 6, 7 ). In addition, each cell cluster is surrounded by a distinct basal lamina (Fig. 7) . The oocytes in the cluster do not show prominent ultrastructural differences from those of the control animals except for the occasional appearance of small vesicles in their mitochondria.
These oocytes are in contact with the surrounding follicle epithelial cells with narrow intercellular spaces (Fig. 6, 8) . Only the zonula adherens-like junctions are present between the oocyte and the follicle epithelial cell; no gap junctions are recognized (Fig. 8) . There is no zona pellucida around the oocyte. Some oocytes partly lack a cover of the follicle epithelial cell and directly face the basal lamina of the follicle. In very large cell clusters, most cells have common ultrastructural features to those of the usual follicle epithelial cells, though numerous lipid droplets accumulated.
Some of these cells, however, show characteristic figures for steroid secretory cells such as many round mitochondria with tubulo-vesicular cristae, well-developed smooth endoplasmic reticu- lum and abundant lipid droplets (Fig. 9) . Gap junctions are frequently seen between the cells in the cluster, and annular gap junctions are sometimes encountered. The contour of each follicle, usually smooth, is occasionally irregular due to the cytoplasmic protrusions and invaginations of the follicle epithelial cell. At these areas, the basal lamina also shows a tortuous line along the follicle epithelial cell.
Around the follicle or the cell cluster are layers of flat cells, which are arranged in a theca interna-like pattern. These cells, however, are just fibroblast-like in ultrastructure and occasionally possess a few small lipid droplets. The surface of the ovary is covered by the peritoneal epithelium and is smooth in contour. The peritoneal epithelial cells are not different in ultrastructure from those of the control ovary.
7 month-old S1/S1' mice
The ovary of 7 month-old Sl/Sl' mice is almost the same size as that of control + / + mice at this age. The surface of the ovary is slightly irregular. Neither oocyte nor follicular apparatus are seen in the ovary. Instead of these, cords or masses of the large epitheloid cells are present and the fibroblast-like cells are seen among them (Fig. 10) . These cords and masses are mostly surrounded by a basal lamina. Abundant blood vessels are also present.
The epitheloid cell in the cord or mass is extremely heterogeneous in ultrasturucture (Fig. 11) . Most epitheloid cells are characterized by a great deal of lipid droplets, well-developed smooth endoplasmic reticulum and oval or elongated mitochondria with tubular cristae, though some of the cells did show poorly developed smooth endoplasmic reticulum, elongated mitochondria with lamellar cristae, few lipid droplets, a few elements of rough endoplasmic reticulum, and many Fig. 7 . Part of a large cell cluster seen in the 60-day-old S1/S6' mouse ovary. Cells in the cluster have ultrastructural characteristics common to those of the follicle epithelial cells. A distinct basal lamina is seen around the cell cluster (arrow).
x 8,100
free ribosomes (Fig. 11 ). Cells occupied with numerous elongated mitochondria with lamellar cristae, or with amorphous myelin bodies and crystalloid bodies can rarely be seen. Many large gap junctions are observed between the epitheloid cells. Among these cords and masses of the epitheloid cells, tubular invaginations of the peritoneal epithelium are frequently encountered (Fig. 10, 12) . The epithelial cells located at the invaginated part are not different ultrastructurally from those of the ovarian surface (Fig. 12) . Large bundles of thin filaments are often seen among the cytoplasmic organelles in the peritoneal epithelial cell (Fig. 13) , though they are difficult to find in the case of control animals.
The peritoneal epithelial cell at times contacts the epitheloid cell without interposing basal lamina, which is usually present beneath the peritoneal epithelium and around the mass of the epitheloid cells. The zonula occludens is always present between the peritoneal epithelial cells.
DISCUSSION
It has been established that ovaries of S1/S1' mice show a developmental deficiency of follicles and loss of oocytes (TERADA et al., 1985) . Although some experiments have indicated that the cause of these abnormalities exists in the ovary itself, the primary locus of the abnormality has not yet been determined.
The present electron microscopic study does not demonstrate any prominent ultrastructural difference in the oocytes, the follicle epithelial cells or the interstitial connective tissue cells of the Sl/Sl' mouse, but the uneven proliferation of the follicle epithelial cells and consequent loss Fig. 8 . Parts of an oocyte and a follicle epithelial cell seen in a 60-day-old S1/S11 mouse.
Only the zonula adherens-like junctions (arrows) are present between the oocyte and the follicle epithelial cell. x 8,000 of the oocytes are reminders that some defects of the interaction may be present between the oocyte and the follicle epithelial cell. For example, no gap junction could be found between the oocyte and the surrounding follicle epithelial cells in the present observation.
As is well known, the gap junction is important for the intercellular transmission of regulatory and signaling substances such as ions, small molecules, and nutrients, among others (STAEHELIN, 1974) . The gap junction is also known to play a key role in the normal organization of developing tissues and cells. If some defect in interaction is present between the oocyte and the follicle epithelial cell, the oocyte may be insufficiently supported by the follicle epithelial cells, and the follicle epithelial cell may behave as in the case of postovulation.
The spontaneous development of bilateral tubular adenomas after the exponential loss of the oocytes has been confirmed in the ovary of mice possessing a double-gene dose of mutant alleles at either the W or SI locus (RUSSELL and FEKETE, 1958; MURPHY, 1966; MURPHY and RUSSELL, 1967; MURPHY, 1972; MURPHY and BEAMER, 1973; RUSSELL, 1979; SILVERS, 1979; KOHROGI et al., 1984; TERADA et al., 1984) . Consequent hypergonadotropinism arising after the loss of the oocyte is considered to cause the tumorigenesis (MURPHY, 1972) . MURPHY (1972) reported that, in addition to the hyperplastic ingrowth of peritoneal epithelium, hyperplasia of interstitial cells occurred in ovaries of WT I W° mice. In the case of S1/SP mice ovaries, the epitheloid cells occupying the greatest area among the invasive peritoneal epithelial tubules are considered to be derived not from interstitial cells but from follicle epithelial cells. Some differences may exist in the tumorigenesis of ovaries between S1/S11 mice and WY/ W` ones.
There is evidence suggesting that androgens and estrogens are secreted from the ovary with the tubular adenomas of Sl/Sh mice (TERADA et al., 1984) . It is likely that these steroid hormones are produced by the epitheloid cells, because they are the only components that have the characteristic cytoorganelles for the synthesis of steroid hormones.
The ovaries of Sl/Slt mice are indeed pertinent material for clarifying the mechanisms of follicular organization, of hormone production, and of tumorigenesis. . A part of a peritoneal epithelial cell in the tubular invagination seen in a 7-month-old S1/S1' mouse. Large bundles of thin filaments are seen (arrows). x 32,000
